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࣮ূݚڀ͕ͳ͞Ε͍ͯΔɽྫ͑͹ɼBessembinder et al (1995)౳͕͜ΕΛݕূ͍ͯ͠Δɽ 
͔͠͠ɼ1 ϑΝΫλʔɾϞσϧʹฏۉճؼੑΛऔΓೖΕͨͱͯ͠΋ෳࡶͳ঎඼ઌ෺ͷظؒߏ଄




ݱ෺Ձ֨Λฏۉճؼ͢Δঢ়ଶม਺Λ༻͍ͯ௚઀ϞσϧԽ͢Δํ๏΋ఏҊ͞ΕͨɽSchwartz - Smith 
(2000)Ͱ͸ 2 ϑΝΫλʔฏۉճؼϞσϧɼCasassus - Dufresne (2005)͸ 3 ϑΝΫλʔฏۉճؼϞσ






զʑͷఏҊ͢ΔϞσϧ͸ݱ෺Ձ֨Λ 3 ͭͷঢ়ଶม਺ʹΑΓϞσϧԽ͓ͯ͠ΓɼSchwartz (1997)
Ϟσϧͱͷؔ܎΋͋ΔԾఆͷԼͰҰൠతʹࣔͨ͠ɽ·ͨɼϞσϧͷύϥϝʔλʹ͍ͭͯ͸ΧϧϚ





঎඼ͷϔοδʹؔͯ͠͸௕ٞ͘࿦͞Ε͖ͯͨςʔϚͰ͋ΓɼCulp - Miller (1995)ɼMello - Parsons 
(1995)΍ͦͷଞͷଟ͘ͷ࿦จ͕ Metallgesellschaft ࣾͷ໰୊Λ௨ͯ͜͡ͷςʔϚΛٞ࿦͖ͯͨ͠ɽ
Culp - Miller (1995)͸גࣜ౳ͱಉ༷ʹɼ঎඼ʹ͍ͭͯ΋ઌ౉͠Ձ֨͸ίετɾΦϒɾΩϟϦʔͷϝ
ΧχζϜʹΑܾͬͯ·Δ͜ͱΛઆ໌͠ɼ୹ظઌ෺Λอ༗͠ݶ݄Λ৐Γ׵͍͑ͯ͘͜ͱͰ௕ظઌ౉
͠ܖ໿͕ϔοδͰ͖Δͱओுͨ͠ɽ ҰํͰ Mello - Parsons (1995)͸௕ظઌ౉͠ܖ໿͕୹ظઌ෺Ͱϔ
οδՄೳͰ͋Δ͜ͱ͸ೝΊͳ͕Βɼ௕ظઌ౉͠ܖ໿ 1 ୯ҐͷϔοδΛಉ୯Ґͷ୹ظઌ෺Ͱߦ͏Α
͏ͳ Metallgesellschaft ࣾͷϔοδख๏ʹ͍ͭͯ͸൷൑͍ͯ͠Δɽ൴Β͸ Gibson - Schwartz (1990)
ͷϞσϧΛ༻͍ͯɼ୹ظͷՁ͕֨௕ظͷՁ֨ΑΓݱ෺Ձ֨ͷมԽʹ͍ͭͯײԠతͰ͋Δ͜ͱΛઆ
໌͠ɼ௕ظઌ౉͠ܖ໿ 1 ୯Ґͷϔοδʹඞཁͳ୹ظઌ෺͸࣮ࡍʹ͸ 0.3 ୯Ґఔ౓Ͱ͋Ζ͏ɼͱड़
΂͍ͯΔɽ͜ͷͨΊ Metallgesellschaft ࣾͷߦ͍ͬͯͨऔҾ͸ϔοδͷཁૉ΋͕࣋ͭɼଟ͘͸ઌ෺
ʹΑΔ౤ػͰ͋ͬͨͱ݁࿦෇͚͍ͯΔɽ·ͨ Schwartz (1997)΋͜ͷ఺ʹ͍ͭͯݴٴ͍ͯ͠Δɽ
Schwartz (1997)Ͱ͸൴ͷ 1ʙ3 ϑΝΫλʔɾϞσϧΛ༻͍ͯϔοδɾϙδγϣϯΛܭࢉ͢Δͱɼ1
ϑΝΫλʔͰ͸ 0.2ʙ0.4 ఔ౓ͷ 1 ΑΓ͔ͳΓখ͍͞ϙδγϣϯʹͳΓɼ2ɼ3 ϑΝΫλʔʹ͓͍ͯ
΋ωοτͰ͸ 1 ΑΓখ͍͞ϙδγϣϯʹͳΔ͜ͱΛઆ໌͍ͯ͠Δɽ 
ϔοδɾϙδγϣϯ͚ͩͰͳ͘ϔοδͷޡࠩ·Ͱ෼ੳͨ͠ݚڀͱͯ͠͸ Brenann - Crew (1997)
͓Αͼ Buhler – Korn - Schobel (2000)͕͋ΔɽBrenann - Crew (1997)͸ 2 ϑΝΫλʔɾϞσϧΛϔο
δͰ༻͍Δࡍʹϔοδɾπʔϧ(hedging instrument)ͱ༷ͯ͠ʑͳຬظͷઌ෺Λࢼ͍ͯ͠Δ͕ɼϔο
δʹ༻͍͍ͯΔઌ෺͸ 6 ϲ݄Ҏ಺Ͱ͋Γɼϔοδର৅ͷઌ෺΋ 2 ೥Ҏ಺ͱඇৗʹ୹͍ɽBuhler – 















ҎԼɼୈ 2 ষͰۚར΍ίϯϏχΤϯεɾΠʔϧυΛ໌ࣔతʹ͸ؚ·ͳ͍ 3 ϑΝΫλʔɾϞσϧ
ΛఏҊ͠ɼ ͦͷϞσϧʹجͮ͘ઌ෺Ձ֨ͷղੳղΛಋग़͢Δͱڞʹɼ Schwartz (1997)ͷϞσϧͱͷ
ରԠؔ܎Λࣔ͢.  ୈ 3 ষͰ͸ΧϧϚϯϑΟϧλΛ༻͍ɼϞσϧͷύϥϝʔλͷਪఆΛߦ͏ɽୈ 4
ষͰ͸͞Βʹத୹ظઌ෺Λ༻͍ͯ௕ظͷઌ෺Λϔοδ͢Δख๏Λߏங͠ɼ͜ͷϔοδઓུΛ࣮ࢪ






2  Ϟσϧ 
 
t S Λ࣌఺t ʹ͓͚Δ঎඼ͷݱ෺Ձ֨ͱ͢Δɽ͜ͷͱ͖ɼݱ෺Ձ֨ͷର਺͕࣍ͷܗͰද͞ΕΔͱ
͢Δɽ 
(਺ࣜ 1)   t t t x S η + =
1 log . 
͜͜Ͱ t η ͸ۚརʹ͓͚Δ Hull-White(1990)ϞσϧͷΑ͏ʹɼࢢ৔Ձ֨ʹҰகͤ͞ΔͨΊͷ࣌ؒͷ
ؔ਺Λද͢ɽ
1 x ͸঎඼ݱ෺Ձ֨ʹରԠ͢Δঢ়ଶม਺Ͱ͋Γɼ࣍ͷ֬཰ඍ෼ํఔࣜʹै͏ͱ͢Δɽ  
 
(਺ࣜ 2)   ( )
1
1
1 3 2 1




















t ρ = ⋅ ,  3 , 2 , 1 , = j i . 
ύϥϝʔλκ ͸
1 x ͷ
3 2 x x + ΁ͷճؼ͢ΔεϐʔυΛදݱ͠ɼγ ͸
2 x ͷݮਰ͢ΔεϐʔυΛදݱ





0 > >γ κ Ͱ͋Ε͹ݱ෺Ձ֨͸࣌ؒͷܦաͱͱ΋ʹ 
1 x (ݱ෺Ձ֨)→
3 2 x x + (தظͷՁ֨)→
3 x (௕ظͷՁ֨)ɽ 
ͱਪҠ͢Δ͜ͱΛද͍ͯ͠Δɽ 
֤ঢ়ଶม਺ͷ֬཰ඍ෼ํఔࣜ͸ղੳతʹղ͘͜ͱ͕Ͱ͖ɼ࣍ͷΑ͏ʹද͞ΕΔɽ 
(਺ࣜ 4)  
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t s t t dW e x e ∫
− − − +
γ γ σ , 
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t s t t t dW e e x e ∫
− − − − + − +





Ί 0 = t η ͱ͓͘ͱ͢Δɽ 
ఆཧ 2.1  ຬظT ͷઌ෺ͷ࣌ࠁt ͰͷՁ֨Λ ) (t GT ͱ͢ΔͱɼEMM ͷԼͰ࣍ͷΑ͏ʹද͞ΕΔɽ 










) , , , ( exp
11 3 2 1
11
t T
t T x x x t t t µ . 
͜͜Ͱ t E ͸࣌ࠁt Ͱͷ৚݅෇͖ظ଴஋Λද͢ɽ 11 µ , 11 Σ ʹ͍ͭͯ͸ Appendix 8.1 ࢀর 
 
ূ໌  T S ͸ର਺ਖ਼ن෼෍Ͱ͋Δ͜ͱ͔Βɼਖ਼ن෼෍ʹର͢Δੵ཰฼ؔ਺ͷܭࢉͱಉ༷ʹͯ͠ٻΊ
Δ͜ͱ͕Ͱ͖Δɽ 
 










t du u W W
0 ) ( θ . 
Αͬͯଌ౓P ͷԼͰ֤ঢ়ଶม਺ͷຬͨ֬͢཰ඍ෼ํఔࣜ͸ҎԼͷͱ͓Γɽ 
(਺ࣜ 7)   ( )
P
t t t t t dW dt t dt x x x dx
, 1
1 1 1
1 3 2 1 ) ( σ θ σ κ + + − + = , 
P
t t t dW dt t dt x dx
, 2
2 2 2
2 2 ) ( σ θ σ γ + + − = , 
( )
P
t t t dW dt t dt x dx
, 3
3 3 3
3 3 ) ( σ θ σ β α + + − = . 
͜͜Ͱಛʹ ) (t θ Λ֤ঢ়ଶม਺ͱ࣌ؒͷؔ਺ ( )
3 2 1 , , , x x x t θ ͱͯ͠ 
(਺ࣜ 8)   ( ) ( )
1 3 2 3 2 1
1 , , , t t t x x x a x x x t − + = θ , 
( )
2 3 2 1


















x x x t
t , 
ͱ͓͘ͱɼ্ड़ͷ֬཰ඍ෼ํఔࣜ͸ 
(਺ࣜ 9)   ( )
P
t t t t t dW dt x x x dx
, 1
1
1 3 2 1 ˆ σ κ + − + = , 
P
t t t dW dt x dx
, 2
2
2 2 ˆ σ γ + − = , 
( )
P
t t t dW dt x dx
, 3
3
3 3 ˆ ˆ σ β α + − = , 
ͱॻ͖׵͑ΒΕΔɽͨͩ͠ 





ΔɽSchwartz ͸ແࡋఆʹج͍ͮͯ঎඼ͷݱ෺Ձ֨ t S ɼίϯϏχΤϯεɾΠʔϧυ t δ ɼۚར t r Λ
EMM ͷԼͰ࣍ͷΑ͏ʹϞσϧԽ͍ͯ͠Δɽ 
(਺ࣜ 10)   ()
S
t t S t t t t dW S dt S r dS σ δ + − = , 
()
δ
δ δ δ σ δ θ κ δ t t t dW dt d + − = , 
()
r
t r t r r t dW dt r dr σ θ κ + − = . 
͜͜Ͱ
i
t W ,  r S i , ,δ = ͸ EMM ͷԼͰͷඪ४ϒϥ΢ϯӡಈͰɼޓ͍ʹ࣍ͷ૬ؔΛ࣋ͭͱ͢Δɽ 











ఆཧ 2.2  ݱ෺Ձ͕֨લड़ͷϞσϧʹΑΓද͞Εɼ୹ظۚརr ͕࣍ͷΑ͏ͳ֤ϑΝΫλʔͷઢܕ݁
߹ʹΑΓදݱ͞ΕΔ΋ͷͱ͢Δɽ 






1 0 t t t t x x x r ψ ψ ψ ψ + + + = . 
͜ͷͱ͖ɼۚརͱίϯϏχΤϯεɾΠʔϧυ͸࣍ͷΑ͏ʹॻ͖ද͢͜ͱ͕Ͱ͖Δɽ 






1 1 3 2 1 0 log t t t t t t t dW dW dW dt S a a r a a dr σ ψ σ ψ σ ψ δ + + + + + + = , 
() dt S b b r b b d t t t t log 3 2 1 0 + + + = δ δ  






1 1 t t t dW dW dW σ κ ψ σ κ ψ σ κ ψ − + − + + + . 
ͨͩ͠ɼ 
= 0 a () ( ) ( )
() 2 3
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= 1 a ( )
() 2 3
3 2 3 1 3 2 2 1
ψ ψ κ
κβψ κγψ ψ κψ ψ ψ β γ ψ κψ
−
− + + − − −
, 
= 2 a () ( )
() 2 3
2 1 3 3 1 2
ψ ψ κ




= 3 a ()
2 3
3 2 3 1 2 1
ψ ψ
ψ ψ γ β ψ βψ ψ γψ
−
− + + −
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+ −  
() ( ) {} ( ) ( ) { }
() 2 3
2 1 3 3 1 2
2
1
2 ψ ψ κ
κ ψ γ κ ψ κ ψ κ ψ β κ ψ κ ψ σ
−
− − + − − − +
+ , 
= 1 b ( ) ( ) ( )( )
() 2 3
2
3 2 3 1 3 2 2 1
ψ ψ κ
β γ κ ψ β γ κ κ ψ β γ κ κ ψ κψ ψ ψ β γ ψ κψ
−
− − − + + + − − + − − −
, 
= 2 b () () {} ( ) ( ) { }
() 2 3
2 1 3 3 1 2
ψ ψ κ
κ ψ γ κ ψ κ ψ κ ψ β κ ψ κ ψ
−
− − + − − − +
, 
= 3 b () ( )
2 3
3 2 1 3 2 3 1 2 1
ψ ψ
κγψ κβψ ψ γ β κ ψ ψ γ β ψ βψ ψ γψ
−
+ − − − − + + −
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ূ໌ ( ਺ࣜ 10)ͷୈ 1 ࣜʹ(਺ࣜ 12)Λ୅ೖ͠ S log ʹର͠ҏ౻ͷެࣜΛద༻ͨ͠΋ͷͱɼ(਺ࣜ 2)
















t t x x x x x x x x x r
σ
κ ψ ψ ψ ψ
σ
κ δ − − + − + + + = − − + − = , 
1 σ σ = S , 
S W W =
1 . 




r ,δ , S log ͸
1 x ,
2 x ,




r ,δ , S log ʹΑΓදݱ͠ͳ͓͢͜ͱͰ(਺ࣜ 13)͕ಋ͔ΕΔɽ 
ܥ 2.1  ۚར͕࣍ͷΑ͏ʹද͞ΕΔͱ͢Δɽ 
(਺ࣜ 14)  
2
2 0 t t x r ψ ψ + = . 
ͭ·Γɼఆཧ 2.2 ͷࣜʹ͓͍ͯ 0 3 1 = =ψ ψ ͱԾఆ͢Δɽ͜ͷͱ͖ۚརͱίϯϏχΤϯεɾΠʔϧ
υ͸࣍ͷΑ͏ʹܾ·Δɽ 
(਺ࣜ 15)   ()
2
2 2 0 t t t dW dt r dr σ ψ ψ γ + − = , 
( )dt x r d t x t t r t
δ δ
δ






1 t t t dW dW dW κσ σ κ ψ κσ − − + + . 
ͨͩ͠ 
=
δ κ 0 ) (
2
1 ) ( 2
1
2
0 β κ σ κα
ψ
β γ κ



















− + ,  =
δ
δ κ β κ − − ,  =
δ κ x κβ . 





= 2 ͱஔ͚͹ɼSchwartz(1997)ͷ 3 ϑΝΫλʔɾϞσϧ
ʹରԠ͢Δɽ 
 
஫ҙ 2.1  ܥ 2.1 ͸ Casassus – Dufresne (2005) Proposition 1 ͷ݁ՌʹରԠ͍ͯ͠Δɽ 
 
஫ҙ 2.2  લड़ͷٞ࿦ʹ͓͍ͯ 0 = β ͷ৔߹ʹ͓͍ͯ͸ɼۃݶΛͱΔ͜ͱͰղੳతͳදݱΛಘΔ͜
ͱ͕Ͱ͖Δɽ·ͨɼ 0 = β ͷ৔߹ɼ
3 x ͷฏۉճؼਫ४͕ݻఆ͞Εͳ͍ͨΊɼϞσϧࣗମ͕࠷ऴత




3  ύϥϝʔλͷਪఆ 
 
Ϟσϧʹ͓͚Δ֤ύϥϝʔλͷਪఆΛߦ͏ɽ 
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n n n n n n C x F x + = − − − 1 | 1 1 | , 
n
t




n n n n n n R H V H d + = − − 1 | 1 | , 
1
1 | 1 |
−
− − = n n
t
n n n n d H V K , 
( )
y
n n n n n n n n n n C x H y K x x − − + = − − 1 | 1 | | , 
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1997 ೥ 1 ݄ʙ2002 ೥ 10 ݄ٴͼɼ 1997 ೥ 1 ݄ʙ2006 ೥ 11 ݄·Ͱͷ 5 Ӧۀ೔ຖͷσʔλΛ༻͍ɼ
ઌ෺ݶ݄͸௚ۙͷ΋ͷ͔Β Front Month(௚ۙݶ݄), 1 ൪໨ͷ DEC, 2 ൪໨ͷ DEC, 3 ൪໨ͷ DEC, 4
൪໨ͷ DEC, 5 ൪໨ͷ DEC, 6 ൪໨ͷ DEC, 7 ൪໨ͷ DEC  Λ࢖༻ɽ Front Month = 1 ൪໨ͷ DEC ͷ৔
߹ Front Month ͱͯ͠࢖༻͢Δɽ 
ɾLME Copper 
2002 ೥ 9 ݄ʙ2004 ೥ 11 ݄ٴͼɼ 2002 ೥ 9 ݄ʙ2006 ೥ 12 ݄·Ͱͷ 5 Ӧۀ೔ຖͷσʔλΛ༻͍ɼ
ઌ෺ݶ݄͸௚ۙͷ΋ͷ͔Β Front Month, 1൪໨ͷ DEC, 2 ൪໨ͷ DEC, 3 ൪໨ͷ DEC, 4 ൪໨ͷ DEC, 
5 ൪໨ͷ DEC, 6 ൪໨ͷ DEC Λ࢖༻ɽͨͩ͠ɼFront Month = 1 ൪໨ͷ DEC ͷ৔߹ Front Month ͱ
ͯ͠࢖༻͢Δɽ 
্هσʔλΛ༻͍ͯಘΒΕͨύϥϝʔλͱ؍ଌޡࠩ͸Լͷදͷͱ͓Γɽ  
˙  ճؼϞσϧ 
ύϥϝʔλ 
WTI  Д  Ѝ  Ћ  Ќ  a   b   c   d 1 σ 2 σ 3 σ
  12 ρ   23 ρ
  31 ρ
-Nov/2006 1.112 0.279 0.004 0.005 0.000 0.000 0.544 0.000 0.367 0.139 0.196 0.083  -0.603 0.378
-Oct/2002 1.107 0.293 0.311 0.110 0.597 0.000 0.070 0.017 0.371 0.374 0.399 -0.173 -0.983 0.352
Copper  Д  Ѝ  Ћ  Ќ  a   b   c   d 1 σ 2 σ 3 σ
  12 ρ   23 ρ
  31 ρ
-Dec/2006 0.758 0.218 0.274 0.044 0.000 0.000 0.146 0.000 0.260 0.453 0.480 0.103  -0.871 0.293
-Nov/2004 0.918 0.143 0.036 0.007 0.000 1.720 0.079 0.000 0.224 0.317 0.319 0.368  -0.840 0.130
؍ଌޡࠩ 
WTI Front  Month 1stDec  2ndDec  3rdDec 4thDec 5thDec 6thDec 7thDec 
-Nov/2006 0.0019 1E-12  4.702E-05 1.822E-06 2.233E-05 1.152E-05 1E-12 1.543E-05
-Oct/2002 0.0022 1E-12  4.093E-05 6.512E-06 1.682E-05 4.188E-06 2.274E-06 1.331E-05
Copper  Front Month  1stDec  2ndDec  3rdDec 4thDec 5thDec 6thDec 
-Dec/2006  1E-11 4.84E-05 8.828E-06 2.932E-05 1E-11 0.0001 8.916E-05 
-Nov/2004  1E-11 3.671E-05 2.135E-06 1.225E-05 1.123E-05 2.695E-06 6.084E-05 
˙  ඇճؼϞσϧ 
ύϥϝʔλ 
WTI  Д  Ѝ  Ћ  a   b   c   1 σ 2 σ 3 σ 12 ρ 23 ρ
  31 ρ
 
-Nov/2006 1.086 0.262  -0.010 0.000 0.000 0.550 0.364 0.134 0.192 0.098 -0.577  0.371 
-Oct/2002 1.048 0.253  -0.007 0.529 0.000 0.063 0.363 0.138 0.182 0.192 -0.619  0.261 
Copper  Д  Ѝ  Ћ  a   b   c   1 σ 2 σ 3 σ 12 ρ 23 ρ
  31 ρ
 
-Dec/2006  0.746 0.188  -0.048 0.000 0.000 0.189 0.260 0.374 0.379 0.255 -0.798  0.240 
-Nov/2004  0.930 0.153  -0.014 0.000 2.044 0.096 0.224 0.287 0.287 0.402 -0.801  0.155 
؍ଌޡࠩ 
WTI Front  Month 1stDec  2ndDec  3rdDec 4thDec 5thDec 6thDec 7thDec 
-Nov/2006 0.002 1E-12 4.724E-05 2.334E-06 2.263E-05 1.138E-05 1E-12 1.574E-05
-Oct/2002 0.002 1E-12 4.811E-05 6.074E-06 2.731E-05 1.033E-05 1E-12 1.372E-05
Copper  Front Month  1stDec  2ndDec  3rdDec 4thDec 5thDec 6thDec 
-Dec/2006  1E-11 4.874E-05 9.576E-06 2.878E-05 1E-11 0.0001 8.073E-05
-Nov/2004  1E-11 3.647E-05 2.2E-06 1.224E-05 1.108E-05 2.742E-06 6.025E-05
 
ճؼϞσϧͷ৔߹ɼ WTIͷ 2002೥·ͰͷσʔλΛ༻͍ͨਪఆʹ͓͍ͯ͸ 1 . 0 > β ͱͳ͓ͬͯΓɼ




Copper ͷύϥϝʔλ͸ 2004 ೥·ͰͷσʔλΛ༻͍ͨ΋ͷͱɼ2006 ೥·ͰͷσʔλΛ༻͍ͨ΋
ͷͱͰେ͖͘ҟͳ͍ͬͯΔ͕ɼ͜Ε͸ 2004 ೥·ͰͷσʔλͰਪఆΛߦͬͨ৔߹ɼ2 ೥ڧͷσʔλ
͔͠࢖༻͍ͯ͠ͳ͍͜ͱͰɼͦͷ 2 ೥ʹ࠷దԽ͞Εͨภͬͨύϥϝʔλ͕ࢉग़͞Ε͍ͯΔͱߟ͑
ΒΕΔɽ 
ϦεΫͷࢢ৔Ձ֨͸ɼ WTI ʹ͓͍ͯ͸ 2002 ೥·ͰͷσʔλͰਪఆͨ͠৔߹ύϥϝʔλa ʹେ͖
͘දΕɼ Copper ʹ͓͍ͯ͸ 2004 ೥·ͰͷσʔλͰਪఆͨ͠৔߹ύϥϝʔλb ʹେ͖͘දΕ͍ͯͨɽ
͔͠͠ WTI, Copper ͱ΋ʹ 2006 ೥·ͰͷσʔλΛ࢖ͬͯਪఆͨ͠৔߹ʹ͸ύϥϝʔλcͷΈʹද
Ε͍ͯͨɽ 
 
3.2  ࣮σʔλͱͷൺֱ 
 
2006೥·ͰͷσʔλΛ༻͍ΧϧϚϯϑΟϧλͰਪଌ͞Ε֤ͨঢ়ଶม਺͕ɼ NYMEXͷWTIɼ LME




  WTI Copper 
1 x   Front Month  Front Month 
2 x   3rd DEC - 6th DEC  2nd DEC - 5th DEC 
3 x   6th DEC  5th DEC 
 
ঢ়ଶม਺ͱɼର਺Ձ֨ͷ 5 Ӧۀ೔ຖͷࠩ෼͔Βܭࢉ͞Εͨ૬ؔΛදʹ·ͱΊͨɽ 
 
  ճؼϞσϧ  ඇճؼϞσϧ 
  WTI Copper WTI Copper 
1 x   0.922 0.996 0.924 0.996
2 x   0.917 0.913 0.910 0.908
3 x   0.983 0.857 0.980 0.826
 




4  ઌ෺ʹର͢Δϔοδख๏ 
 










3 2 1 , , φ φ φ = Φ Λߏ੒͢Δ͜ͱʹΑΓɼ ཧ࿦্͸௕ظઌ෺Ձ֨ͷมಈΛϔοδ͢Δ͜ͱ͕Ͱ͖Δɽ  
ϔοδ͢΂͖ϑΝΫλʔͷ਺͸ 3ͭͳͷͰɼ͜ͷϔοδϙʔτϑΥϦΦΛߏ੒͢Δʹ͸̏ͭͷ
ຬظͷҟͳΔઌ෺͕ඞཁͱͳΔɽ ) (
1 t GT , ) (
2 t GT , ) (
3 t GT ΛͦΕͧΕຬظͷҟͳΔຬظͷ୹͍ઌ෺
ͷՁ֨ͱ͠ɼ ) (
4 t GT Λϔοδର৅ͷ௕ظઌ෺Ձ֨ͱ͢Δɽ͜ͷͱ͖Φ ͸࣍ͷ࿈ཱํఔࣜͷղͱ͠
ͯಘΒΕΔɽ 
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·͖͍ͬͯͯΔͨΊɼ͜͜Ͱ͸ WTI ʹ͍ͭͯ͸ 6 ೥ͷઌ෺·ͰɼCopper ʹ͍ͭͯ͸ 5 ೥ઌͷઌ෺
·ͰΛ࢖༻͠ɼύϥϨϧϔοδͷޮ཰Λݕূ͢Δɽ 
Ҏ߱ͷݕূͰ͸ಛʹஅΓͷͳ͍ݶΓϔοδର৅ઌ෺ʹ͸WTI͕௚͔ۙΒ10൪໨ͷDECͷઌ෺ɼ
Copper ͕ 8 ൪ͷ DEC ͷઌ෺ͱ͢Δɽ·ͨɼϔοδظؒ͸ WTI ʹؔͯ͠͸ 6 ൪໨ͷ DEC ͷઌ෺Ͱ
൓ରചങΛ͢Δ͜ͱʹΑΓϙδγϣϯΛด͡Δ͜ͱΛ૝ఆ͢Δɽͭ·Γɼϔοδର৅͕࢒ଘ 10 ೥
͔Β 6 ೥ʹͳΔ·Ͱͷ 4 ೥ؒϔοδΛߦ͏΋ͷͱ͢ΔɽCopper ͸ 5 ൪໨ͷ DEC ͷઌ෺Ͱ൓ରച
ങΛ͢Δ͜ͱͰϙδγϣϯΛด͡Δ͜ͱΛ૝ఆ͠ɼϔοδର৅ઌ෺ͷ࢒ଘ 8 ೥͔Β 5 ೥·Ͱͷ 3
೥ؒϔοδΛߦ͏΋ͷͱ͢ΔɽύϥϨϧϔοδͰ͸ϔοδʹ༻͍Δࢿ࢈ͱ্ͯ͠৔͞Ε͍ͯΔ
DEC ͷઌ෺Λ༻͍Δɽ·ͨɼσϧλϔοδͰ͸௚͔ۙΒ WTI ͕ 1ɼ3ɼ6 ൪໨ͷ DECɼCopper ͕
1ɼ2ɼ5 ൪໨ͷ DEC ͱ͠ɼ֤ઌ෺ݶ݄ͷϙδγϣϯ͸ 1 ϲ݄ຖʹϔοδൺ཰ͷݟ௚͠Λߦ͍ɼ݄
ॳୈ 1 Ӧۀ೔ʹϙδγϣϯͷௐ੔Λߦ͏ɽ·ͨɼύϥϨϧϔοδɼσϧλϔοδͱ΋ʹ 1 ೥ܦա
͢Δຖʹ࣍ͷ೥ͷಉ݄͡΁ͱݶ݄ͷ৐Γ׵͑(Ҏ߱ʮϩʔϧʯͱݺͿ)Λ܁Γฦ͢΋ͷͱ͢Δɽ(ྫ
͑͹ɼDEC12 Λ DEC06 ͷϙδγϣϯͰϔοδ࢝͠Ίͨ৔߹ɼ1 ೥ܦաͨ͠ஈ֊Ͱϔοδʹ࢖༻͠














͍ͯ͠Δɽϔοδର৅ઌ෺͸ WTI ͕ DEC12ɼCopper ͕ DEC11 ͱ͠ɼϔοδऴྃ೥͸௚ۙͷ 2006
೥ͱ͍ͯ͠Δɽԣ࣠͸ϔοδ։࢝࣌఺͔Βͷ࣌ؒͷܦաΛද͓ͯ͠Γɼॎ࣠͸ͦͷ࣌఺·Ͱͷྦྷ











%FD +VO %FD +VO %FD +VO %FD +VO









+BO +VM +BO +VM +BO +VM
'SPOU.POUI TU%&$ OE%&$
SE%&$ UI%&$ UI%&$  
͜ͷάϥϑΑΓɼͲͪΒ΋Ͱ͖Δ͚ͩظઌͷઌ෺Λ༻͍ͯϔοδΛߦͬͨํ͕ޡࠩ͸খ͍͜͞
ͱ͕Θ͔Δɽ·ͨɼCopper ͷํ͕ WTI ʹൺ΂ϔοδޡࠩ཰͸େ͖͘ɼCopper ͷظؒߏ଄͸ύϥ
ϨϧʹมԽ͢Δ੒෼͕ WTI ʹൺ΂খ͍͜͞ͱ͕Θ͔Δɽ͔͠͠ɼύϥϨϧϔοδͰ͸ϔοδޡࠩ
཰ͷখ͍͞࠷΋ظઌͷઌ෺Λ༻͍ͨ৔߹Ͱ͋ͬͯ΋ WTI Ͱ໿ 8%ɼCopper Ͱ໿ 30%ͷϔοδޡࠩ
཰͕؍ଌ͞Εͨɽ 
 
4.2  σϧλϔοδʹΑΔϔοδޡࠩ཰ 
 
࣍ʹɼ ճؼϞσϧɼ ඇճؼϞσϧʹର͠σϧλϔοδΛߦͬͨ৔߹ͷϔοδޡࠩ཰Λܭଌͨ͠ɽ 









˙  ճؼϞσϧͷϔοδޡࠩ཰ 
   WTI  Copper 
  ϔοδର৅ઌ෺  DEC07 DEC08 DEC09 DEC10 DEC11 DEC12 DEC10 DEC11
σϧλϔοδ  0.5% 1.2% 0.6% -0.5% -1.3% -2.3% -1.9% -1.0% ΧϧϚϯϑΟϧλ 
ʹΑΔঢ়ଶม਺  ύϥϨϧϔοδ  3.9% 8.2% 3.3% -3.4% 2.6% 7.8% 11.8% 30.1%
σϧλϔοδ  0.5% 1.1% 0.6% -0.5% -1.4% -2.3% -2.3% -1.9% ࿈ཱํఔࣜ 

























+BO +VM +BO +VM +BO +VM
ΧϧϚϯϑΟϧλʹΑΔঢ়ଶม਺ ࿈ཱํఔࣜʹΑΔঢ়ଶม਺  
˙  ඇճؼϞσϧͷϔοδޡࠩ཰ 
   WTI  Copper 
  ϔοδର৅ઌ෺  DEC07 DEC08 DEC09 DEC10 DEC11 DEC12 DEC10 DEC11
σϧλϔοδ  0.2% 0.8% 0.4% -0.4% -0.7% -1.7% -1.3% 0.5% ΧϧϚϯϑΟϧλ
ʹΑΔঢ়ଶม਺  ύϥϨϧϔοδ  3.8% 8.2% 3.1% -4.0% 2.3% 7.8% 12.2% 30.3%
σϧλϔοδ  0.2% 0.8% 0.4% -0.4% -0.9% -1.7% -1.9% -0.5% ࿈ཱํఔࣜ 

























+BO +VM +BO +VM +BO +VM
ΧϧϚϯϑΟϧλʹΑΔঢ়ଶม਺ ࿈ཱํఔࣜʹΑΔঢ়ଶม਺  
্هάϥϑҎ֎ͷϔοδର৅ઌ෺ʹ͓͚Δྦྷੵϔοδޡࠩ཰ʹؔ͢Δάϥϑ͸ɼΧϧϚϯϑΟ































ϥϝʔλਪఆظؒͱϔοδظ͕ؒ෼͔Ε͍ͯΔ৔߹ͷ͜ͱΛ ʮOut of Sampleʯ ͱݺͿ͜ͱͱ͢Δɽ 
 
5.1  Out of Sample Ͱͷϔοδ 
 
͜ͷઅͰ͸ Out of Sample Ͱͷϔοδޮ཰ʹ͍ͭͯݕূΛߦ͏ͨΊɼύϥϝʔλ͸ 3 ষͰਪఆ͠
ͨ΋ͷͷ͏ͪɼWTI ͕ 2002 ೥·Ͱͷσʔλ͔Βਪఆͨ͠΋ͷɼCopper ͕ 2004 ೥·Ͱͷσʔλ͔
Βਪఆͨ͠΋ͷΛ༻͍Δɽ ·ͨɼ ϔοδର৅ઌ෺͸ WTI ͕ DEC12(ϔοδظؒ͸ 2002 ೥͔Β 2006
೥)ɼCopper ͕ DEC11(ϔοδظؒ͸ 2003 ೥͔Β 2006 ೥)ͱ͢Δɽ 
Copper ͸Ұ෦ύϥϝʔλਪఆظؒͱɼϔοδɾγϛϡϨʔγϣϯͷظ͕ؒॏෳ͍ͯ͠Δ͕ɼ
Copper ͷ࣌ܥྻσʔλ͸ 2002 ೥ 9 ݄͔ΒͷσʔλͱͳΔͨΊɼ ϔοδظؒΛ 3 ೥ͱߟ͑ͨ৔߹ɼ
׬શʹ Out of Sample ͰύϥϝʔλΛਪఆ͠Α͏ͱ͢Δͱɼ1 ೥ڧͷσʔλͰύϥϝʔλΛਪఆ͠
ͳ͚Ε͹ͳΒͳ͍ɽ ͔͠͠ɼ 1 ೥෼ͷσʔλͰਪఆ͞Εͨύϥϝʔλ͸ඇৗʹෆ҆ఆͰ͋ΔͨΊɼ
Copper ʹؔͯ͠͸ɼ2004 ೥ 11 ݄෼·ͰͷσʔλΛ༻͍ύϥϝʔλΛਪఆ͠ɼ2003 ೥ 12 ݄͔Β
2006 ೥ 12 ݄·ͰϔοδΛߦ͏΋ͷͱ͢Δɽ 
͜ΕΒύϥϝʔλΛ༻͍ɼϞσϧʹΑΓਪఆ͞Εͨ௕ظͷઌ෺Ձ֨Λϔοδͨ͠ࡍͷϔοδޡ
ࠩ཰ʹ͍ͭͯɼ࣌ܥྻσʔλΛ༻͍ͯݕূΛߦ͍ɼ݁ՌΛදʹ·ͱΊͨɽൺֱ༻ͱͯ͠ɼલষͰ
ܭଌͨ͠ In Sample Ͱͷ݁Ռʹͭͯ΋ಉҰͷදʹܝࡌ͍ͯ͠Δɽ 
 
  ճؼϞσϧ  ඇճؼϞσϧ 
  In Sample  Out of Sample  In Sample  Out of Sample 
WTI -2.3% -34.2% -1.7% -1.5%
Copper -1.9% -2.5% -0.5% -1.9%
 
͜ΕΒ݁Ռʹର͢Δྦྷੵϔοδޡࠩ཰ͷάϥϑ͸ Appendix 8.5 ࢀরɽ 
ճؼϞσϧͷ৔߹ɼOut of Sample ͷ WTI ʹ͓͍ͯ͸ɼ2003 ೥Ҏ߱ͷݪ༉Ձ֨ͷٸಅ࣌ʹ௕ظ
ͷՁ֨ਫ४͕มԽ͠ɼฏۉճؼੑ͕΄΅ͳ͘ͳ͍ͬͯΔͷʹ΋ؔΘΒͣɼϞσϧʹΑΓࢉग़͞Ε




େ͖͘ͳ͍͜ͱ͕֬ೝͰ͖ͨɽCopper ʹؔͯ͠͸ɼIn Sample ͱ Out of Sample ͰಘΒΕͨύϥϝ
ʔλ͕ҟͳ͍ͬͯͨ͜ͱ΋͋Γɼϔοδޡࠩ཰͕ In Sample ͱ Out of Sample Ͱҟͳ͍ͬͯͨɽ͠


















ᶃ  ϔοδର৅ͷ௕ظઌ౉͠ͱಉ͡ຬظͷ௕ظઌ෺ͱθϩΫʔϙϯ࠴ʹΑΓϔοδΛߦ͏ɽ  
ᶄ  ᶃͰ༻͍ͨ௕ظઌ෺Λ 4 ষͱಉ༷ʹຬظͷ୹͍ઌ෺ͰσϧλσϧλϔοδΛߦ͏ɽ 
 
ᶄʹ͍ͭͯ͸ 4 ষͰઆ໌͍ͯ͠ΔͨΊɼᶃͷखॱʹ͍ͭͯઆ໌͢Δɽ 
ه߸ΛҎԼͷΑ͏ʹఆٛ͢Δɽ 
) (t FT  ɿຬظT ͷઌ౉͠ͷ࣌ࠁt ͰͷՁ֨ɽ 
) (t GT  ɿຬظT ͷઌ෺ͷ࣌ࠁt ͰͷՁ֨ɽ 
) (t P T  ɿຬظT ͷθϩΫʔϙϯ࠴ͷ࣌ࠁt ͰͷՁ֨ɽ 
·ͨ T t t t m = < < < = " 1 0 0 ͱ͢Δɽ͜ͷͱ͖ɼ࣌ࠁ i t ͔Β 1 + i t ·Ͱͷظؒʹ͓͚Δઌ౉͠ଛӹ
ͷ࣌ࠁT ͰͷมԽֹ͸ҎԼͷͱ͓Γɽ 
 
(਺ࣜ 16)   () ( ) ) ( ) ( ) 0 ( ) ( ) 0 ( ) ( 1 1 i T i T T i T T i T t F t F F t F F t F − = − − − + + . 
 
·ͨɼ࣌ࠁ 1 + i t ʹ͓͚Δ PV ͸ () ) ( ) 0 ( ) ( 1 1 + + − i T T i T t P F t F  ͱද͞ΕΔɽΑͬͯɼઌ౉͠ͷ i t ͔Β
1 + i t ·Ͱͷظؒʹ͓͚Δ PV ͷมԽֹ͸ҎԼͷͱ͓Γɽ 
 




(਺ࣜ 18)   () ( ) ) ( ) 0 ( ) ( ) ( ) 0 ( ) ( 1 1 i T T i T i T T i T t P F t F t P F t F − − − + +  
   = () ( )( ) i T i T T i T i T i T i T c t P t P F t F t P t F t F ∆ + − − + − + + ) ( ) ( ) 0 ( ) ( ) ( ) ( ) ( 1 1 . 
 
i c ∆ ͸ظؒ[] 1 , + i i t t ʹ͓͚Δೋ࣍ม෼Λද͢ɽ͞Βʹɼ i c ∆ Λ࣌ࠁT ·Ͱྦྷੵͨ͠৔߹ͷධՁֹ
m C ∆ ͸ 






























j T j T j T j T
















( ) ( ) ( t G t F T T = )ͨΊɼ(਺ࣜ 18)͸࣍ͷΑ͏ʹද͞ΕΔɽ 
 
(਺ࣜ 19)   () ( )( ) ) ( ) ( ) 0 ( ) ( ) ( ) ( ) ( 1 1 i T i T T i T i T i T i T t P t P F t F t P t F t F − − + − + +  
     = () ( )( ) ) ( ) ( ) 0 ( ) ( ) ( ) ( ) ( 1 1 i T i T T i T i T i T i T t P t P G t G t P t G t G − − + − + + . 
 




ᶃ  ) (t P T ୯Ґͷઌ෺ ) (t GT ʹର͠ɼ ΑΓຬظͷ୹͍̏ͭͷݶ݄ͷઌ෺Λ༻͍σϧλϔοδ
Λߦ͏ɽ 
ᶄ  ) 0 ( ) ( T T G t G − ୯ҐͷθϩΫʔϙϯ࠴ ) (t P T Λߪೖ͢Δɽ 
 
࣍ʹɼ্هख๏ʹΑΓ࢒ଘ 10 ೥ͷ WTI ͷઌ౉͠ܖ໿Λ 4 ೥ؒ WTI ͷઌ෺ͱθϩΫʔϙϯ࠴Ͱ
ϔοδΛߦͬͨ৔߹ͷϔοδޡࠩ཰ʹ͍ͭͯ෼ੳΛߦ͏ɽͳ͓ɼθϩΫʔϙϯ࠴ͷߪೖٴͼઌ෺
ͷ஋ચ͍ʹΑΓൃੜ͢ΔΩϟογϡϑϩʔ͸શͯɼ ୹ظۚརʹΑΓӡ༻ ɾ ௐୡΛߦ͏΋ͷͱ͢Δɽ 
ݕূͷࡍɼύϥϝʔλ͸ In Sample ͷ΋ͷΛ༻͍ɼ؆୯ͷͨΊθϩΫʔϙϯ࠴ͷܭࢉʹ͸ 8 ೥ͷ
εϫοϓϨʔτΛɼӡ༻ɾௐୡ༻ͷ୹ظۚརʹ͸ 1M LIBOR ΛεϙοτΠʔϧυͱͯ͠༻͍ͨɽ 
ϔοδର৅ઌ౉͠ͷҧ͍ʹΑΔϔοδޡࠩ཰͸ҎԼͷදͷͱ͓Γɽ 
 
ϔοδର৅ઌ౉͠  DEC07 DEC08 DEC09 DEC10 DEC11 DEC12 
ۚརϔοδ༗  -0.1% 0.7% 0.4% -0.5% -0.9% -1.4%













%FD +VO %FD +VO %FD +VO %FD +VO
ۚརϔοδ༗ ۚརϔοδແ  









໋୊ 5.1  ఆཧ 2 ͷԾఆͷԼɼઌ౉͠Ձ֨͸࣍ͷΑ͏ʹද͢͜ͱ͕Ͱ͖Δɽ 
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) , , , ( exp
3 2 1 t T
t T x x x
r
t t t r µ . 
r µ ,  δ µ ,  r Σ ,  δ Σ ʹ͍ͭͯ͸ Appendix 8.2 ࢀরɽ 
 








t t ∫ −
,  ( ) [ ] ∫ − =
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t t T du u r E t P ) ( exp ) ( ͱද͞














ઌ෺Ձ֨(WTI ͸௚ۙݶ݄ͱ 1 ൪໨ʙ6 ൪໨ͷ DECɼ Copper ͸௚ۙݶ݄ͱ 1 ൪໨ʙ5 ൪
໨ͷ DEC)ͱͷޡࠩͷׂ߹Λ (࣮σʔλ  ʕ  ϞσϧՁ֨)ʸϞσϧՁ֨ ʹΑΓࢉग़͠ɼ
ޡࠩͷฏۉͱ෼ࢄɾڞ෼ࢄΛٻΊΔɽޡࠩ͸ଟ࣍ݩਖ਼ن෼෍ʹै͏ͱԾఆ͢Δɽ 
















ϔοδର৅ࢿ࢈ͱͯ͠ WTI ͸ DEC16 Λ 2006 ೥͔Β 4 ೥ؒɼCopper ͸ DEC14 Λ 2006 ೥͔Β 3
೥ؒϔοδ͢Δ͜ͱͱͨ͠ɽ 
ಘΒΕͨϔοδޡࠩ཰ͷฏۉͱඪ४ภࠩͷ݁Ռ͸ҎԼͷදͷͱ͓Γɽදͷઌ෺ݶ݄ͷ߲໨͸௚
͔ۙΒԿ൪໨ͷ DEC Λ༻͍ͯϔοδΛߦ͍ͬͯΔ͔Λද͓ͯ͠Γɼྫ͑͹ 1-3-6 Ͱ͋Ε͹ɼ1 ൪
໨, 3 ൪໨, 6 ൪໨ͷ DEC Λ༻͍ͯϔοδΛߦ͍ͬͯΔ͜ͱΛද͍ͯ͠Δɽ·ͨɼ6Y Parallel(5Y 
Parallel)͸6൪໨(5൪໨)ͷDECʹΑΓύϥϨϧϔοδͨ͠ࡍͷϔοδޡࠩ཰(ύϥϨϧϔοδʹର
͢Δϔοδର৅ࢿ࢈ͷՁ֨͸ WTIɿ1-3-6ɼCopperɿ1-2-5 ʹΑΓٻΊΒΕͨՁ֨)Λද͢ɽ 
ɾWTI 
ઌ෺ݶ݄  1-2-3 1-2-4 1-2-5 1-2-6 1-3-4 1-3-5 1-3-6 1-4-5 1-4-6 1-5-6 2-3-4 
ฏۉ  -16.8% -6.8% -2.3% -0.7% -3.4% -0.4% 0.3% 0.2% 0.4% 0.4% -2.4%
ඪ४ภࠩ  16.7% 7.1% 3.4% 2.0% 7.4% 3.8% 2.0% 4.7% 2.2% 2.0% 9.9%
ઌ෺ݶ݄  2-3-5 2-3-6 2-4-5 2-4-6 2-5-6 3-4-5 3-4-6 3-5-6 4-5-6 6Y  Parallel 
ฏۉ  0.3% 0.6% 0.5% 0.6% 0.4% 0.2% 0.5% 0.3% 0.2% 0.6% 































ઌ෺ݶ݄  1-2-3 1-2-4 1-2-5 1-3-4 1-3-5 1-4-5 2-3-4 2-3-5 2-4-5 3-4-5  5Y  Parallel 
ฏۉ  -15.1% -3.2% -0.5% -0.1% 0.3% -0.2% 0.6% 0.6% -0.3% -1.1% 0.7%































Θ͔ΔɽಛʹɼWTI ʹ͓͍ͯ͸ 1 ൪໨, 3 ൪໨, 6 ൪໨ͷ DECɼCopper ͸ 1 ൪໨, 2 ൪໨, 5 ൪໨ͷ






















οδ)ͱൺֱͨ͠ͱ͖ɼ༷ʑͳঢ়گ(backwardation, contango,  Ձ֨ͷ্ঢظɼԼམظͳͲ)ʹରͯ͠
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8  Appendix 
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8.3  ྦྷੵϔοδޡࠩ཰(ΧϧϚϯϑΟϧλʹΑΔঢ়ଶม਺) 
%FMUB)FEHF 1BSBMMFM)FEHF  
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8.4  ྦྷੵϔοδޡࠩ཰(࿈ཱํఔࣜʹΑΔঢ়ଶม਺) 
%FMUB)FEHF 1BSBMMFM)FEHF  
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8.6  ઌ౉͠ʹର͢Δྦྷੵϔοδޡࠩ཰(ඇճؼϞσϧɼ࿈ཱํఔࣜʹΑΔঢ়ଶม਺) 
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8.7  ϔοδઌ෺ݶ݄ͱϔοδʹඞཁͳ୯Ґ਺ 
ɾWTI  ύϥϝʔλ(1) 
WTI 1stDEC 2ndDEC 3rdDEC 4thDEC 5thDEC 6thDEC
1-2-3 1.21 -5.27 5.08 0 0 0
1-2-4 0.62 -2.11 0 2.51 0 0
1-2-5 0.35 -1.09 0 0 1.76 0
1-2-6 0.2 -0.61 0 0 0 1.43
1-3-4 0.22 0 -3.39 4.19 0 0
1-3-5 0.12 0 -1.32 0 2.22 0
1-3-6 0.07 0 -0.66 0 0 1.61
1-4-5 0.05 0 0 -2.68 3.65 0
1-4-6 0.03 0 0 -1.02 0 2
1 - 5 - 60 . 0 1000 - 2 . 2 2 3 . 2 2
2-3-4 0 1.19 -5.3 5.13 0 0
2-3-5 0 0.58 -2.03 0 2.47 0
2-3-6 0 0.31 -1 0 0 1.71
2-4-5 0 0.2 0 -3.18 4 0
2-4-6 0 0.11 0 -1.19 0 2.1
2-5-6 0 0.05 0 0 -2.4 3.36
3-4-5 0 0 1.09 -4.9 4.82 0
3-4-6 0 0 0.52 -1.81 0 2.31
3-5-6 0 0 0.18 0 -2.82 3.66
4-5-6 0 0 0 0.95 -4.3 4.36  
Copper 1stDEC 2ndDEC 3rdDEC 4thDEC 5thDEC
1-2-3 1.67 -6.21 5.54 0 0
1-2-4 0.77 -2.18 0 2.4 0
1-2-5 0.39 -1.01 0 0 1.61
1-3-4 0.28 0 -2.99 3.69 0
1-3-5 0.14 0 -1.07 0 1.91
1-4-5 0.07 0 0 -2.06 2.98
2-3-4 0 1.24 -4.68 4.42 0
2-3-5 0 0.59 -1.69 0 2.09
2-4-5 0 0.22 0 -2.51 3.28
3-4-5 0 0 1.01 -4 3.99  